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Zero dischargeSince the poultry slaughter industry is highlywater-consuming andwastewater generator, it is essential to take a
step towards achieving the sustainability ofwastewater reclamation and reuse schemes. This paper evaluates the
performance of a lab-scale advanced wastewater treatment system that consists of sequencing batch reactor
(SBR), chemical–dissolved-air ﬂotation (DAF) system and ultraviolet (UV) disinfection, used for the reclamation
from anaerobically pre-treated poultry slaughterhouse wastewater. Twelve-hour cycles in a ﬁll-aerobic-anoxic-
settle-discharge sequence and ethanol addition as carbon source for denitriﬁcation at 1.41±0.19 C/N ratio were
the SBR operating conditions for nitrogen removal. Ferric chloride and cationic polymer asﬂocculant aidwere the
chemicals used for phosphorus removal. 4.5–5.5 coagulation pH, 1.32±0.19 Fe/P molar ratio associated with
1.0 mg L−1 cationic polymer, 20% recycle rate and 10 cm min−1 ﬂotation velocity were the best chemical–DAF
systemoperating conditions fromwhich resultedN99% phosphorus and 65±25% suspended solids removals. UV
radiation dosages ranging from 23 to 32 mW scm−2 have effectively inactivated the coliform organisms and
Salmonella. Under such operating conditions, organicmatter, nutrients, suspended solids and indicator organisms
in the ﬁnal efﬂuent met the quality standards of the legislation for both potable water and efﬂuent discharge to
the receiving waters. Zero discharge potentials for the sustainability of the poultry slaughter industry were also
explored. The use of all the reclaimed water in closed circuit is expected to reduce the well water input by 60%
withno treated efﬂuent discharge to the river during this stage. Theuse of reclaimedwater in semiclosed circuit is
expected to reduce the well water input by 46% and the treated efﬂuent discharge to the river by 76%.: +55 16 3362 2101.
ardi).
vier OA license.© 2010 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
The poultry slaughter industry demands large amounts ofwater for its
process and generates large amounts of wastewater [1,2]. Such
wastewater is characterized by high concentrations of organic matter,
nitrogen and phosphorus, either in particulate or dissolved forms [3,4].
Residual blood, animal fat and feces are the principal sources of organic
matter. Thenitrogen content comes fromblood, urine and feces,mainly as
organic nitrogen. Residual blood, manure, and cleaning and sanitizing
compounds are signiﬁcant sources of phosphorus, as organic and
inorganic phosphates [2].
Worldwide guidelines onwater and energymanagement recommend
the use of anaerobic reactors as core technology for treating food industry
wastewater [5,6]. However, anaerobic reactors efﬂuents do not meet the
standards of the legislation so a post-treatment process to complete the
removal of organic matter, nitrogen and phosphorus is required.High ammonia and low organic matter concentrations are the
principal characteristics of the slaughterhouse anaerobic efﬂuents that
enables the use of biological nitrogen removal processes. These efﬂuents
can be treated through the sequencing batch reactor (SBR) technology
under ﬁll-aerobic-anoxic-settle-discharge sequences in a single reactor
basin [7–10]. This technology enables both the nitriﬁcation process under
operating conditions such as loworganicmatter concentrations, sufﬁcient
dissolved oxygen concentrations and long sludge retention time, and the
denitriﬁcation process under proper carbon source and anoxic conditions.
Phosphorus removal from slaughterhouse wastewater can be
achieved by chemical–dissolved-air ﬂotation (DAF) system. Although
the addition of chemicals to remove phosphorus can be done at
different stages of the wastewater treatment such as raw wastewater,
primary clariﬁer efﬂuent, biological units, when it is done after
biological treatment efﬂuent, efﬁcient metal use and good process
stability are observed in the high-quality efﬂuent produced [11,12].
High-rate units, high operational ﬂexibility and high separation
efﬁciency are the advantages of using the chemical–DAF system
[13,14].
Despite the poultry slaughter industry is both high water
consumer and wastewater generator, little attention has been given
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approach that wastewater treatment is part of the industrial process.
The paper ﬁrst evaluates the performance of an advanced
wastewater treatment system for poultry slaughterhouse anaerobic
efﬂuent reclamation. SBR followed by DAF system and ultraviolet
(UV) disinfection are the technologies studied. Next, the paper
explores the opportunities for the water reuse program implemen-
tation, aiming at zero wastewater discharge, that contributes to water
conservation in the poultry slaughter industry.
2. Materials and methods
2.1. Inventory of water use at the poultry slaughter industry
The study was conducted at Céu Azul Alimentos Ltda poultry
slaughterhouse in Sorocaba, State of São Paulo, Brazil. A comprehen-
sive description of the industrial slaughtering process and the water
use in the slaughterhouse was performed by [15]. 8.8 h working day;
20 L of water per slaughtered chicken, 0.80 return factor (wastewater
ﬂow per water consumption); 80, 25, and 40 L employee−1day−1
water consumption for personal care, cafeteria and toilet ﬂushing
respectively, were considered for water balance updating [11].
2.2. Description of the poultry slaughterhouse wastewater treatment plant
The poultry slaughterhouse wastewater treatment plant (WWTP)
comprises rotary and static screens for the removal of feathers, bowels
and ﬁne solids, a 142 m3 equalization tank, a chemical–DAF system for
the removal of suspended and fatty particles, and two 450 m3 upﬂow
anaerobic sludge blanket (UASB) reactors for the removal of organic
matter.
The anaerobic reactor performance proved satisfactory, showing
85% soluble organic matter removal efﬁciency and 79% organic
nitrogen conversion into ammonia [3]. Methanogenic activity and
ammoniﬁcation were considered suitable. The anaerobic efﬂuent
containing high-ammonia, -phosphorus, and low-readily biodegrad-
able organic matter concentrations (Table 1) was collected, stored at
−14 °C in tightly closed 20 L containers, and used in lab-scale tests.
2.3. Anaerobic efﬂuent post-treatment technologies
A lab-scale advanced wastewater treatment system, composed of
SBR and chemical–DAF system, was studied for reclamation of the
full-scale anaerobic efﬂuent. The SBR was operated to remove
nitrogen and the chemical–DAF system was operated to removeTable 1
Characteristics of anaerobically treated poultry slaughterhouse wastewater.
Parameter N Full-scale UASB reactors' efﬂuent
Average Minimum Maximum
TCOD (mg L−1) 22 195±62 104 379
SCOD (mg L−1) 22 94±30 25 154
O&G (mg L−1) 2 26 24 28
TKN (mgN L−1) 2 123 116 129
NH4+–N (mgN L−1) 26 139±26 94 198
TP (mgP L−1) 19 49±11 27 64
PO43−–P (mgP L−1) 21 42±8 24 50
TAa (mgCaCO3 L−1) 22 1021±343 491 1795
pH 22 – 7.3 8.2
Turbidity (NTU) 22 41±22 12 87
TS (mg L−1) 10 1773±423 1281 2693
TSS (mg L−1) 10 110±48 51 215
Total coliforms (CFU 100 mL−1) 2 4.3×106 3.4×106 5.2×106
E. coli (CFU 100 mL−1) 2 4.0×105 4.0×105 4.0×105
N is the number of data.
a After sodium bicarbonate addition.phosphorus and remaining suspended solids. The ﬂoated efﬂuent was
submitted to UV disinfection.
2.3.1. SBR
The bench-scale SBRwas constructed in acrylic with a total volume
of 10 L, and 20.8 cm diameter circular section by 30 cm in height.
Filling took place on the upper part of the reactor by means of pump,
and discharge and carbon source addition, by gravity, controlled by
solenoid valves. Discharge and sampling ports were located along the
reactor height, 4.3 cm apart. The reactor was equipped with
mechanical stirrer and diffusers for air supply. The system operating
control was automated. Temperature was kept constant at 29±2°C.
The reactor was inoculated with 2 L settled sludge taken from SBR
treating domestic sewage from Bueno de Andrada, Araraquara
County, State of São Paulo.
The reactor was operated with 12 hcycles in a ﬁll-aerobic-anoxic-
settle-discharge sequence (Table 2). Each cycle was fed with 5 L
anaerobic efﬂuent. Mechanical stirring at 90 rpm agitation rate was
used to provide adequate mixing during the anoxic phase. Ethanol
was added as carbon source under step-increase carbon/nitrogen (C/
N) ratios for denitriﬁcation process. Sludge discard occurred during
the settle phases whenever the settled sludge level reached 8 cm up
from the bottom.
2.3.2. Chemical–DAF system
Ferric chloride and cationic polymer were used as coagulant and
ﬂocculant aid, respectively. Ferric chloride solution, containing 14%
iron, was supplied by Basequímica Produtos Químicos Ltda and
Novatek cationic polymer, Kuriﬁx CP-606 was supplied by Kurita do
Brazil Ltda.
4.6 to 7.0 coagulation pH (pHcoag), 0.45 to 1.36 iron/phosphorus
(Fe/P) molar ratio and 1.0 mg L−1 cationic polymer dosage (CPD)
were the variables considered for the chemical treatment. 10 to 50%
recycle rate (R) and 5 to 25 cm min−1 ﬂotation velocity (Vﬂot) were
the variables investigated for the DAF system.
Rapid mixing was carried out in a Milan JT 103 jar test apparatus at
110 s−1 mean velocity gradient for 137 s. Both ﬂocculation and
ﬂotation were performed using a batch lab-scale DAF unit. The
apparatus consisted of three 2 L cylindrical columns connected to an
air saturation chamber. For the ﬂocculation stage, each column had its
own rotation control stirrer, while for the ﬂotation stage, the stirrers
were removed so that the rising ﬂocs could reach the water surface.
Needle valves controlled the access of air saturated water to the
columns.
Flocculation took place at 60 s−1 mean velocity gradient for
20 min. Tap water was pressurized at 450 kPa for 15 min. In a typical
run, the columns with ﬂocculated SBR-efﬂuent were ﬁlled with air-
saturatedwater fed from the saturation chamber. The recycle rate wasTable 2
SBR operating conditions.
Cycles of 12 h
SBR operating sequence
Aerated ﬁll (h) 0.08
Aerated react (h) 6.50
Non-aerated, mixed react (h) 2.50a
Settle (h) 2.83
Discharge (h) 0.17
SBR operating conditions
Ammonia loading rate (kgN m−3day−1) 0.19±0.03
Food/microorganism ratio (kgBOD kgVSS−1day−1) 0.06±0.03
Sludge retention time (days) 44±23
Total solids in the mixed liquor (mg L−1) 4479±1158
Volatile suspended solids in the mixed liquor (mg L−1) 2701±819
a Carbon source addition 0.5 h after the ending of the aerated react.
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Fig. 1. Percent distribution of water consumption and wastewater generation at the
poultry slaughterhouse. (1) Industrial slaughtering process. (2) Industrial cleaning
process. (3) Cooling towers. (4) Boxes washing. (5) Ice plant. (6) Personal care. (7)
Garden watering. (8) Cages washing. (9) Boilers. (10) Cooling tunnel and storage
chambers defreezing. (11) Cafeteria. ■Water □Wastewater.
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SBR-efﬂuent and the air-saturated water.
Flotation velocity (a term used in batch lab-scale DAF tests) stands
for the velocity in which the ﬂocs rise from the bottom of the columns
to the sampling ports, as this height was ﬁxed at 28 cm from the
bottom, the ﬂotation velocity was controlled by the sampling time.
Tests were run in duplicate at 24±1 °C.
In order to calculate the monitoring parameters removal efﬁcien-
cies, the DAF-efﬂuent analyses values were corrected due to the
dilution that occurred when air-saturated tap water entered the
ﬂotation column.
2.3.3. UV disinfection
UV disinfection was performed using a batch-scale UV reactor to
determine the necessary delivered UV dosage for inactivation of
indicator organisms of the ﬂoated efﬂuent. Made of stainless steel the
UV reactor measured 15×50 cm level projection by 24 cm in height. It
was equipped with a Phillips low-pressure mercury arc lamp
suspended outside the liquid to be treated. In order to stabilize the
UV lamp, a 15 min warm-up period was performed before start-up.
Mixing of the liquid was provided during irradiation time.
The UV incident intensity Io(λ) was measured using a radiometer.
The average UV intensity Iavg(λ) was calculated using Beer–Lambert's
law taking into account the reduction of UV light through the liquid
thickness:
IavgðλÞ = IoðλÞ
1−e−αðλÞD
αðλÞD
" #
ð1Þ
In Eq. (1), λ is the wavelength of 254 nm; α(λ), the absorbance as
a function of wavelength; Io(λ), the UV incident intensity; and D, the
liquid thickness [16].
UV dosage was calculated by multiplying the average UV intensity
by the exposure time t:
UVdosage = Iavg λð Þ × t ð2Þ
Experiments were performed under liquid thickness between 1.6
and 4.4 cm, and exposure time between 10 and 100 s.
2.3.4. Performance evaluation
The monitoring parameters: total chemical oxygen demand (TCOD),
soluble chemical oxygen demand (SCOD), biochemical oxygen demand
(BOD), oil and grease (O&G), total Kjeldahl nitrogen (TKN), ammonia
nitrogen (NH4+–N), nitrate (NO3−–N), nitrite (NO2−–N), total phosphorus
(TP), orthophosphate (PO43− – P), total alkalinity (TA), pH, turbidity,
apparent color, hardness, total solids (TS), total suspended solids (TSS),
total dissolved solids (TDS), metals, chloride, sulfate, sulﬁde, surfactants,
and total coliforms, Escherichia coli (E. coli) and Salmonella concentrations
were analyzed according to [17].
2.4. Potential uses of reclaimed water
The quality of the ﬁnal efﬂuent of the advanced wastewater
treatment and identiﬁcation and characterization of potential
demands were the technical issues considered to evaluate the uses
of the reclaimed water in the slaughterhouse.
3. Results and discussion
3.1. Inventory of water use in the poultry slaughter industry
The water used in the slaughterhouse is supplied by deep water
wells, previously chlorinated. Water from deepwells is currently used
for industrial slaughtering, ice plant, cooling towers, boilers, defreez-
ing of the cooling tunnel and storage chambers, industrial cleaning/sanitizing processes, washing of plastic cages to transport live birds,
washing of plastic boxes used in the slaughterhouse, cafeteria,
personal care and garden watering. Ice plant, boilers and garden
watering do not contribute towastewater generation. Thewastewater
generated by slaughtering process, cleaning of equipment and
facilities, and washing of cages and boxes amounts to 85% total
wastewater, and goes to the WWTP. Part of the efﬂuent generated by
cooling towers (6%) is reused to wash the cages. The remaining 15%
total wastewater comes from cooling towers, defreezing of the cooling
tunnel and storage chambers, worker's ablutions and cafeteria, and
goes to the sewage system (Fig. 1).3.2. Anaerobic efﬂuent post-treatment technologies for water reuse purposes
3.2.1. SBR performance
The SBR was operated for 63 days under nitriﬁcation process to
adapt the nitrifying organisms and for another 108 days under
complete operating sequence: nitriﬁcation/denitriﬁcation processes.
Sodium bicarbonate was added to the feed, to control pH over the
experimental period, reaching 8.3±1.8 gCaCO3gN−1 total alkalinity/
ammonia during the nitriﬁcation process, decreasing to 5.9±0.5
gCaCO3 gN−1 after the establishment of the denitriﬁcation process
with no hindrance to the process.
At the end of the nitriﬁcation process, after the system had reached
the apparent steady state regime, the mean values of the monitoring
parameters were: 42±8 mg L−1 TCOD, 36±10 mg L−1 SCOD, 2±3
mgN L−1 NH4+–N, 158±28 mgN L−1 NO3−–N, 0.25±0.18 mgN L−1
NO2−–N, 49±50 mgCaCO3 L−1 TA, and 5.6 to 6.9 pH range.
Due to the utilization of dissolved oxygen (DO) to remove organic
matter and to ensure the nitriﬁcation process, the residual DO
concentrations ranged from 1.02 mg L−1 to 3.24 mg L−1 in the ﬁrst
3 h in the aerobic reaction phase, after which DO breakthrough
occurred. Half an hour after the end of the aerated reaction phase, DO
concentrations decreased to 0.66±0.71 mg L−1 and ethanol addition
in the anoxic reaction phase followed.
Best C/N ratio for denitriﬁcation process (Fig. 2) investigated
through the addition of increasing concentrations of ethanol as
external carbon source was accomplished at 1.41±0.19 when nitrate
and nitrite concentrations in the efﬂuent showed lower values
(Table 3).
Castelló & Borzacconi [18] reported 70% nitriﬁcation and N90%
denitriﬁcation efﬁciencies when operating a lab-scale SBR in the post-
treatment of slaughterhouse wastewater. Their SBR was operated
with 12 h cycles under oxygen-limited conditions (0.7–0.9mgO2L−1)
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Fig. 2. Inﬂuence of C/N ratio on the denitriﬁcation process using ethanol as carbon source.
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carbon source in the anoxic reaction phase for denitriﬁcation.
The TCOD, O&G, TP and PO43−–P removal efﬁciencies achieved
were 52±24%, 43%, 20±10% and 9±3%, respectively. The SBR
removed 1–2 log concentrations total coliforms and E. coli, compatible
with most compact wastewater treatment systems [19].
Sludge presented good settling characteristics at 118±35 mL g−1
sludge volume index (SVI).
3.2.2. Chemical–DAF system performance
The SBR-efﬂuent was submitted to chemical-ﬂotation to remove
phosphorus and remaining organic matter and suspended solids.
Under chemical–DAF system best conditions, namely 4.5 to 5.5
pHcoag (Fig. 3a), 1.32±0.19 Fe/Pmolar ratio associatedwith 1.0 mg L−1
cationic polymer (Fig. 3b), 20% R (Fig. 3c) and 10 cmmin−1 VﬂotTable 3
Physicochemical monitoring parameters of the lab-scale anaerobic efﬂuent post-treatment
Parameters SBR-efﬂuent D
TCOD (mg L−1) 70±33 2
SCOD (mg L−1) 52±31 n
BOD (mg L−1) nd n
O&G (mg L−1) 15 9
TKN (mgN L−1) 21 9
NH4+–N (mgN L−1) 0 0
NO3−–N (mN L−1) 1.9±1.4 1
NO2−–N (mgN L−1) 0.93±1.26 0
TP (mgP L−1) 37±11 0
PO43−–P (mgP L−1) 30±11 0
TA (mgCaCO3 L−1) 254±45 2
pH 7.9–9.6 5
Turbidity (NTU) 43±26 1
Apparent color (uH) nd n
TS (mg L−1) 921±594 6
TSS (mg L−1) 82±59 1
TDS (mg L−1) 839±560 5
Total coliforms (CFU 100 mL−1) 5.7×105±8.2×105 2
E. coli (CFU 100 mL−1) 5.4×104±1.0×105 2
Aluminum (mgAl L−1) nd n
Chloride (mgCl−L−1) 123 2
Hardness (mgCaCO3 L−1) nd n
Iron (mgFe L−1) 0.08 0
Manganese (mgMn L−1) nd n
Sodium (mgNa L−1) nd n
Sulfate (mgSO42−L−1) nd n
Sulﬁde (mgS2−L−1) nd n
Zinc (mgZn L−1) nd n
Surfactants (mgLAS L−1) nd n
UV254 transmittance (%) 54.3±3.1 8
nd – not determined.
a The UV-efﬂuent was colorless and odorless being aesthetically acceptable.(Fig. 3d), 81±8% TCOD, N99% TP, 65±25% TSS and 93±3% turbidity
removal efﬁciencieswere obtained. The chemical–DAF system removed
3–4 log concentrations total coliforms and E. coli, since efﬁcient removal
of suspended and colloidal matter were ensured. From the ferric
chloride added, 84±14% chloride remained in the ﬂoated efﬂuent,
increasing its concentration; and all ironwas removedwithin the sludge
(Table 3).
Phosphorus removal was strongly affected by pH. Tests performed
under best conditions, with no pH adjustment, led to 1.50 mgP L−1 TP in
the ﬂoated efﬂuent while with coagulation pH adjusted to 4.5–5.5
phosphorus concentration in the ﬂoated efﬂuent decreased to
b0.37 mgP L−1.
3.2.3. UV disinfection performance
The Io(254) measurements were made at 18 ports equally
distributed in the UV reactor, obtaining 0.604±0.093 mW cm−2
average value compatible with a 15 W nominal power lamp.
The UV disinfection performance for the ﬂoated efﬂuent was
evaluated for UV dosages ranging from 6 to 58 mW scm−2. UV dosages
higher than 23 mW scm−2 were sufﬁcient to ensure almost complete
removal of total coliforms. Complete E. coli and Salmonella inactivation
were attained at 11 and32 mW scm−2UVdosages, respectively (Fig. 4).
In view of the high quality of the ﬂoated efﬂuent, low turbidity and high
UV transmission were expressed and ensured the usefulness of the UV
disinfection process.
Total coliforms inactivation satisfactorily followed ﬁrst-order
reaction kinetics with 0.285 cm2mW−1 s−1 inactivation rate constant,
showing 0.9202 correlation coefﬁcient (R2). This value is in agreement
with tertiary efﬂuent samples inactivation rate [20].
3.2.4. Reclaimed water quality considerations
High quality organic matter, nutrients, suspended solids and
indicator organisms were observed in the ﬁnal efﬂuent of the lab-
scale advanced wastewater treatment, which complied with mostunits.
AF-efﬂuent UV-efﬂuenta Potable standards
4±7 23±7 –
d nd –
d 5±3 –
±3 b2 –
±7 2±1 –
0 1.2
.8±1.2 1.5±0.4 10
.56±0.65 0.37±0.73 1
.24±0.07 0.26±0.01 –
.16±0.04 0.11±0.01 –
7±16 20±14 –
.2–6.1 5.6–5.8 6.0–9.5
.4±0.4 1.4±0.3 5
d 22±7 15
12±289 686±141 –
8±9 13±5 –
95±288 673±143 1000
.3×102±1.7×102 5±6 Absent
5±47 0 Absent
d b0.01 0.2
51±68 217±5 250
d 24±3 500
.7±0.3 0.8±0.4 0.3
d 0.08±0.01 0.1
d 121±3 200
d 16±1 250
d b0.001 0.05
d 0.31±0.04 5
d 0.7±0.2 0.5
8.1±3.1 nd –
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Fig. 3. Lab-scale chemical–DAF tests results. (a) Evaluation of coagulation pH (b) Evaluation of Fe/P molar ratio (c) Evaluation of recycle rate (d) Evaluation of ﬂotation velocity Δ
TCOD o TP x TSS.
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Ministry of Agriculture, Cattle Raising and Supplies – Department of
Inspection of Animal Products [21] and efﬂuent discharge to the
receiving waters [22]. Minor adjustments have to be made: – pH
adjustment of the UV-efﬂuent; – reduction of iron concentration in
the chemical–DAF system and; – reduction of use of surfactants for the
cleaning of equipment and facilities to meet the standards of the
legislation.
3.3. Potential uses of reclaimed water
The reclaimedwater will be a supplementary and reliable source of
water which can be added to the existing ones or even replace them.
Potential uses for reclaimed water in the industrial slaughtering5
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Fig. 4. Inﬂuence of UV dosage on indicator organisms and Salmonella inactivation. ■
Total coliforms ● E. coli ▲ Salmonella.process and facilities were evaluated considering the closed (zero
discharge) and semiclosed water circuit operation.
The ﬁnal efﬂuent will be pumped into a reclaimed water reservoir,
with 2 mg L−1 chlorine residual. To avoid salt (TDS concentration)
increment in the reclaimed water (Table 3), the following strategies
are recommended: –monitoring of the reclaimed water and its use to
meet the quality standards of the legislation or; – implementation of a
membrane ﬁltration technology.
In the closed water circuit operation, the reclaimed water from the
reservoir will be used for living area and part of the slaughterhouse,
cooling towers, boilers, defreezing of the cooling tunnel and
chambers, cleaning processes, toilet ﬂushing, and garden watering.
The well water will be used for slaughterhouse, ice plant, cafeteria,
and personal care (Table 4). The use of all the reclaimed water is
expected to reduce the well water input by 60% with no liquid
discharge to the river during this stage.
The use of reclaimed water in semiclosed circuit is encouraged for
low-quality purposes such as living area and part of the slaughter-
house, cooling towers, boilers, defreezing of the cooling tunnel and
chambers, washing of cages, toilet ﬂushing, and garden watering
(Table 4). The remaining reclaimed water can be used by the
community or be discharged into the river. The use of the reclaimed
water is expected to reduce the well water input by 46% and the
treated efﬂuent discharge to the river by 76%.
4. Conclusions
The quality of the ﬁnal efﬂuent of the lab-scale advanced wastewater
treatment states the appropriateness of SBR, chemical–DAF system and
UV disinfection technologies for the post-treatment of the poultry
slaughterhouse anaerobic efﬂuents.
High organic matter, nutrients, suspended solids and indicator
organisms removal efﬁciencies were observed during the advanced
Table 4
Percent distribution of water consumption at the poultry slaughterhouse for reuse
under closed and semiclosed water circuit.
Closed system Semiclosed system
Reclaimed
water (%)
Well water
(%)
Reclaimed
water (%)
Well water
(%)
Industrial slaughtering process
Receiving areas and
unloading platform
9 0 9 0
Stunning, killing
and bleeding
1 0 1 0
Scalding and defeathering 16 0 16 0
Others (eviscerating, chilling,
packaging, freezing)
0 31 0 31
Industrial slaughtering
process total
26 31 26 31
Utilities area
Ice plant 0 5 0 5
Cooling towers 8 0 8 0
Boilers 2 0 2 0
Defreezing of the cooling
tunnel and chambers
1 0 1 0
Utilities area total 11 5 11 5
Industrial cleaning/sanitizing processes
Industrial slaughtering cleaning 9 0 0 9
Washing of cages 3 0 3 0
Washing of plastic boxes 6 0 0 6
Industrial cleaning/sanitizing
processes total
18 0 3 15
Personal care
Toilet ﬂushing 2 0 2 0
Others 0 2 0 2
Personal care total 2 2 2 2
Cafeteria 0 1 0 1
Garden watering 4 0 4 0
Water use total 61 39 46 54
189I.R. de Nardi et al. / Desalination 269 (2011) 184–189wastewater treatment. However, salt concentrations in the reclaimed
waterhaveappointed to theneed touseamembraneﬁltration technology
for a comprehensive sustainability of the poultry slaughterhouse WWTP.
Water reuse in closed or semiclosed circuit is suggested for poultry
slaughterhouse wastewater reclamation since it minimizes the deep
well water consumption and the ﬁnal efﬂuent discharge load,
consequently, protects the groundwater reservoir and the quality of
the receiving waters.
Acknowledgments
The authors gratefully acknowledge FAPESP – Fundação de
Amparo à Pesquisa do Estado de São Paulo (Brazil) for the ﬁnancial
support granted for this project (process # 2002/03997-1), Céu Azul
Alimentos Ltda for its operational support and São Carlos School of
Engineering/University of São Paulo for its institutional support.References
[1] L.T. Kist, S. El Moutaqi, E.L. Machado, Cleaner production in the management of
water use at a poultry slaughterhouse of Vale do Taquari, Brazil: a case study, J.
Clean. Prod. 17 (2009) 1200–1205.
[2] United States Environmental Protection Agency, Development document for the
proposed efﬂuent limitations guidelines and standards for the meat and poultry
products industry point source category (40 CFR 432), EPA-821-B-01-007, 20028
Washington DC, USA.
[3] V. Del Nery, I.R. de Nardi, M.H.R.Z. Damianovic, E. Pozzi, A.K.B. Amorim, M. Zaiat,
Long-term operating performance of a poultry slaughterhouse wastewater
treatment plant, Resour. Conser. Recycl. 50 (2007) 102–114.
[4] G. Eremektar, E. Ubay Çokgör, S. Övez, F. Germirli Babuna, D. Orhon, Biological
treatability of poultry processing plant efﬂuent – a case study, Water Sci. Technol.
40 (1) (1999) 323–329.
[5] G. Lettinga, Sustainable integrated biological wastewater treatment, Water Sci.
Technol. 33 (3) (1996) 85–98.
[6] G. Lettinga, L.W. Hulshoff Pol, UASB-process design for various types of
wastewaters, Water Sci. Technol. 24 (8) (1991) 87–107.
[7] Y. Shengquan, G. Siyuan, W. Hui, High effective to remove nitrogen process in
abattoir wastewater treatment, Desalination 222 (2008) 146–150.
[8] J. Keller, K. Subramaniam, J. Gösswein, P.F. Greenﬁeld, Nutrient removal from
industrial wastewater using single tank sequencing batch reactors, Water Sci.
Technol. 35 (6) (1997) 137–144.
[9] K. Pochana, J. Keller, Study of factors affecting simultaneous nitriﬁcation and
denitriﬁcation (SND), Water Sci. Technol. 39 (6) (1999) 61–68.
[10] K. Subramaniam, P.F. Greenﬁeld, K.M. Ho, M.R. Johns, J. Keller, Efﬁcient biological
nutrient removal in high strength wastewater using combined anaerobic-
sequencing batch reactor treatment, Water Sci. Technol. 30 (6) (1994) 315–321.
[11] Metcalf and Eddy, Inc., Wastewater engineering: treatment, disposal and reuse,
4th ed, McGraw-Hill, Inc, New York, 2003.
[12] H. Ødegaard, A.F. Skrøvseth, An evaluation of performance and process stability of
different processes for small wastewater treatment plants, Water Sci. Technol. 35
(6) (1997) 119–127.
[13] H. Ødegaard, The use of dissolved air ﬂotation inmunicipal wastewater treatment,
Water Sci. Technol. 43 (8) (2001) 75–81.
[14] M.A.P. Reali, R.G. Penetra, M.E. Carvalho, Flotation technique with coagulant and
polymer application applied to the post-treatment of efﬂuents from anaerobic
reactor treating sewage, Water Sci. Technol. 44 (4) (2001) 205–212.
[15] A.K.B. Amorim, I.R. de Nardi, V. Del Nery, Water conservation and efﬂuent
minimization: case study of a poultry slaughterhouse, Resour. Conser. Recycl. 51
(2007) 93–100.
[16] J.K.M. Asce, C.L. Chen, M. Nellor, Standardized collimated beam testing protocol for
water/wastewater ultraviolet disinfection, J. Environ. Engineer. 129 (8) (2003)
774–779.
[17] Standard methods for the examination of water and wastewater, 20th
edAmerican Public Health Association/American Water Works Association/
Water Environment Federation, Washington DC, 1998.
[18] CastellóE. , BorzacconiL. , Post-treatment of a slaughterhouse wastewater –
biological nitrogen removal via nitrite using a sequencing batch reactor, 10th
World congress on anaerobic digestion, Montreal, Canada, 2004, pp. 361–366.
[19] C.A.L. Chernicharo, Post-treatment options for the anaerobic treatment of
domestic wastewater, Rev. Environ. Sci. Biotechnol. 5 (2006) 73–92.
[20] A. Andreadakis, D. Mamais, D. Christoulas, S. Kabylafka, Ultraviolet disinfection of
secondary and tertiary efﬂuent in the Mediterranean region, Water Sci. Technol.
40 (4–5) (1999) 253–260.
[21] Brazil. Laws, etc., Directive #518 March 25th, 2004, of the Ministry of Health,
determines the procedures and responsibilities related to the management and
care of the quality of the water for human consumption and its standard of
potability (in Portuguese).
[22] Brazil. Laws, etc., Resolution #357 March 17th, 2005, of the National Council for
the Environment – CONAMA, regulates the classiﬁcation of receiving waters and
environmental policies for its adjustment and determines the conditions and
standards of efﬂuent discharges (in Portuguese).
